Cryptococcus neoformans var. gattii has regularly been the cause of serious human disease. However, the environmental sources of these infections often remain unclear. During an environmental sampling study, two different strains of C. neoformans var. gattii were isolated from fresh insect frass (order Lepidoptera; family Oecophoridae) in a shallow cavity in the bark of a living Eucalyptus tereticornis tree, one molecular type VGI and the other VGII. This is the first published report of the isolation of two different molecular types of C. neoformans var. gattii from a single source, and the third of isolation of molecular type VGII from an environmental source. The potential association with insect frass is consistent with categorising C. neoformans var. gattii within the Tremellales, containing mycoparasitic fungi.
Introduction
Cryptococcus neoformans is a basidiomycetous yeast that causes life-threatening disease in healthy, as well as immunocompromised, hosts. It exists as three varieties, C. neoformans var. grubii (serotype A), C. n. var. neoformans (serotype D), and C. n. var. gattii (serotypes B and C), as well as a hybrid serotype AD. Each variety differs genetically, ecologically, biochemically, in its host preference and in the manifestations of disease. C. n. var. grubii has a worldwide distribution, occurring naturally in avian guano and some tree hollows, while C. n. var. neoformans, also found in avian guano, occurs mainly in Europe [1] [2] [3] . C. n. var. gattii is mainly restricted to tropical and sub-tropical regions, and is associated in nature with trees, in Australia notably Eucalyptus camaldulensis and E. tereticornis [4, 5] .
The ecological niche of C. n. var. gattii in Australia and other countries has been of considerable interest [4, [6] [7] [8] [9] as cases of cryptococcosis are geographically restricted. In addition, relatively little is known about this variety compared with C. n. var. grubii and C. n. var. neoformans.
A global molecular epidemiological study of clinical and environmental C. neoformans isolates using PCRfingerprinting and RFLP analysis currently underway in our laboratory, has classified these isolates into eight major molecular types, with VNI and VNII corresponding to serotype A, C. n. var. grubii; VNIII corresponds to serotype AD, a hybrid between serotypes A and D; VNIV corresponds to serotype D, C. n. var. neoformans. The molecular types of C. n. var. gattii: VGI, VGII, VGIII and VGIV each contain isolates of both serotypes B and C [10, 11] . Examination of minor bands within the profiles determined subtypes within each of the molecular type groups and allowed for strain differentiation [10, 11] .
In this paper we used PCR-fingerprinting as a typing technique. PCR-fingerprinting involves PCR amplification of hypervariable inter-repeat regions of the genome, using a single primer specific to minisatellite or microsatellite DNA. This technique has been demonstrated to be highly reproducible under standardised conditions, even after repeated subculturing of the strains [12] . PCRfingerprinting can distinguish both between species, and within a species [13] .
In Australia, endemic environmental and human clinical isolates have been mainly of molecular type VGI [9] . The molecular type VGII has been occasionally isolated as the cause of cryptococcosis in humans and animals [6, 9] . However, until recently, molecular type VGII had not been isolated from an environmental reservoir, hence the potential source of these infections was unknown. In the current paper we report the isolation of C. n. var. gattii isolates of molecular type VGI and VGII from the same environmental source and a potential new environmental niche.
Materials and Methods

Environmental Yeast Sampling
Yeast isolates were obtained by swabbing trees with probable areas of C. neoformans habitation, such as in hollows, areas of woody debris, shallow cavities containing insect frass and under bark, with sterile transport swabs containing Amies media without charcoal (Interpath Services Pty. Ltd., Melbourne, Australia) immersed in saline. 37 swabs were taken from 25 different positions on four trees on two different occasions (24.3.2000 and 6.4.2000) . The swabs were stored in a cool, dark place for up to several hours until they could be transferred to birdseed agar [14] . Frass obtained from one shallow cavity in the bark of the E. tereticornis tree inhabited by a moth larva and the gut content of this moth larva was also plated out on birdseed agar. Samples were cultured at 27 o C for up to 10 days. Plates were examined daily for dark brown, shiny colonies characteristic of C. neoformans. Potential C. neoformans isolates were subcultured onto Sabouraud's Dextrose agar (SABD) and grown at 37 o C for 48 hours. The isolated yeasts were identified with the Vitek 1 yeast biochemical card (bioMè rieux, Marcy-l'Etoile, France) as C. neoformans. The variety was determined as C. n. var. gattii by plating the yeast isolates on l-Canavanine-Glycine-Bromothymol blue (CGB) media [15] . The C. neoformans standards and isolates studied are listed in Table 1 .
Extraction of genomic DNA
High molecular weight genomic DNA was extracted using a method previously described [10] , and stored at À20 o C.
PCR-fingerprinting
PCR-fingerprinting was performed according to a highly standardised protocol, as previously described [10] . A set of laboratory standard strains representing each of the molecular types (see Table 1 ) were amplified in parallel with the two isolated strains, in order to allow for the determination of the molecular type and to provide a positive control for the reproducibility of the PCRfingerprints [10] . PCR-fingerprint bands obtained using the M13 and (GACA) 4 primers were analysed using the GelComparII software (Applied Maths, Kortrijk, Belgium). The obtained data sets were combined and a dendrogram was constructed using the Dice algorithm and the unweighted pair group method of averages (UPGMA). Band position tolerances were set to 0.9% and 0.8% for the M13 and (GACA) 4 data sets respectively with the band optimisation set to 0.2%.
Mating type analysis
The mating type was analysed as previously described [16] . 
Results
From the 37 swabs taken from the 25 different positions of the four sampled trees the only positive for C. neoformans was the one taken from the frass, yielding two different strains of C. n. var. gattii. The source of this frass was a small, shallow cavity, approximately 5 cm in length and 1 cm wide, in the bark of an isolated, young E. tereticornis tree, planted in the car park of a suburban shopping centre at Mount Druitt, in the outer west of Sydney, NSW, Australia. Close inspection of this hollow revealed it to be the habitat of a small moth larva surrounded by frass (see Fig. 1 ). The larva was identified at the Department of Medical Entomology, Centre for Infectious Diseases and Microbiology, Westmead, NSW, as belonging to the order Lepidoptera, family Oecophoridae, sub-family Xylorictinae [17] . An identification of the larva to the genus and species level was not possible given its immature state. Swabs taken from the digestive tract of the larva yielded no yeast isolates. Repeated sampling of the empty hollow and other sites on the tree 10 months after the removal of the larva and frass was negative for C. neoformans. The two isolates of C. neoformans were analysed by PCR-fingerprinting. Figure 2 shows the two different PCR-fingerprint profiles generated by primers M13 (Fig.   2a ) and (GACA) 4 (Fig. 2b) . Both corresponded to C. n. var. gattii when compared with profiles from a set of eight standard laboratory strains representing each of the eight molecular types of C. neoformans, identified in previous studies [10, 11] . UPGMA analysis using the software package GelComparII grouped the two isolated yeast strains into two different molecular types of C. neoformans (Fig. 2c) . The first isolate, WM 1008, belonged to VGII and the second isolate, WM 1009, corresponded to VGI.
Microscopic examination of the frass did not reveal any basidia and the mating type PCR [16] showed that both isolates were MATa (data not shown), excluding any possibility of mating between these two different strains in situ.
Discussion
The isolation of C. n. var. gattii from E. tereticornis is not unusual, as many sampling studies have yielded this variety from this and other eucalypt species [4, 5, 18, 19] . E. tereticornis occurs naturally in the Sydney region. However, isolation of C. neoformans from such a relatively young, planted, amenity tree is unusual. Many other swabs were taken from this tree. None yielded C. neoformans except the one that was associated with the frass of the larva in a shallow cavity in the bark of the trunk of the tree. The gut contents of the larva were also checked for yeast colonisation; however, no yeast growth was observed, suggesting a potential association of the yeast with the insect frass.
Such an association may be fortuitous, related to the local digestion or destruction of the wood by the larva. Even though the immature state of the larva prevented it from being identified to the genus and species level, it was identified as belonging to the order Lepidoptera, family Oecophoridae and sub-family Xylorictinae. The Xylorictinae in Australia comprise approximately 250 described species belonging to 46 genera [17] . Some of these species are known to be dependent on decaying eucalypt wood.
Published studies have demonstrated a consistent association of C. n. var. gattii with decaying wood from eucalypt [4, 5] and non-eucalypt species, e.g.: Moquilea tomentosa (the pottery tree) and Cassia grandis (pink shower tree) in Brazil [20] , Guettarda acreana (in the Brazilian rainforest), Erythrina velutina and a ''tento'' tree (in an urban area of occidental Amazonia) [21] . The less common serotype C was isolated from the detritus of Indian almond trees (Terminalia catappa) in Colombia [22, 23] . These observations are consistent with the idea that C. neoformans at least in its hyphal form may be a facultative hyperparasite of other wood inhabiting fungi, 2 Electrophoretic separation of PCR fingerprint profiles obtained by amplifying genomic DNA of environmental isolates and laboratory standard strains of C. neoformans, using the M13 core sequence (5 0 GAGGGTGGCGGTTCT 3 0 ) (a), and (GACA) 4 (b) as single primers. (c) Dendrogram comparing the two strains isolated from insect frass with the eight laboratory standard strains representing each of eight molecular types. WM 1009 corresponds closely with the VGI standard, while WM 1008 corresponds closely to the VGII standard, generated with the GelCompar II software package from the combined M13 and (GACA) 4 PCR-fingerprint datasets. Band position tolerance was set to 0.9% for M13 and 0.8% for (GACA) 4 with 0.2% band optimisation. Pair-wise similarity was calculated using the Dice algorithm, and UPGMA was used to construct the dendrogram. which is consistent with the revised classification of C. neoformans in the Tremellales [24] . It is notable that no cryptococci were isolated from the gut contents of the larva. Its frass is likely to have consisted of partially digested lignocellulosic compounds in the bark, creating an environment conducive to colonisation by both woodrotting and mycoparasitic fungi. The digestion of wood and the production of frass by the larva would provide a relatively concentrated source of processed carbon and nitrogen compounds more easily assimilated by the yeast than would be possible directly from intact tissues of the young, healthy tree. C. neoformans is known to assimilate various small molecules such as galactose, sucrose, maltose, cellobiose, inositol, trehalose, xylose, mannose, and mannitol [25, 26] , but is not known to digest any plant macromolecules such as cellulose. In addition to the frass produced by the larva the tree trunk showed excessive fungal cankers on the bark, potentially indicating another source of nutrient accessible to the yeast via its possible mycoparasitism. The physiologically close connection between mycoparasitism and arthropod pathogenesis, both processes usually requiring chitin digestion, also raises the possibility that C. n. var. gattii maybe involved in insect pathogenesis or commensalism. The closely related species Filobasidiella depauperata is mainly known from dead arthropods, e.g., a dead caterpillar (strain CBS 7855, Centraalbureau voor Schimmelcultures, Utrecht, the Netherlands) and an apparently parasitised spider (strain CBS 7841) [27] .
Although the isolation of the two C. neoformans strains might imply an environmental association of the yeast with the insect frass, it is equally likely that the strains were transferred to the tree by other mechanisms. The tree from which C. neoformans was isolated in this study, though located in an urban car-park, was within a relatively short distance of stands of E. tereticornis in a semi-rural area of Western Sydney, raising the possibility that the fungus was initially spread to the site by wind. It is also possible that the parent moth acted as a vector for transport of C. neoformans propagules to the new environmental niche, analogous to the scenario previously suggested in a study reporting the isolation of C. n. var. gattii from a wasp nest in Uruguay [28] . This would also account for the discovery of the two different molecular types VGI and VGII in the same location, in that they would have been passively picked up by the moth from different locations before being deposited along with the eggs in this particular tree.
The significance of isolating VGII from an environmental source is worthy of comment, since WM 1008 is one of very few such environmental isolates. A single VGII isolate was obtained previously from a eucalypt in Southern California [29] . Recently, VGII was isolated from three different eucalypt species, E. camaldulensis, E. tetrodonta, and E. miniata, in Arnhemland, in Australia's Northern Territory (Ellis DH, Currie BJ and Kidd SE, unpublished data). VGII was also found in plant material obtained from along the fence-line of a sheep paddock in Western Australia, but its presence there may have been due to contamination by cryptococci from infected sheep that were pastured in the paddock [29] .
In summary, this is the first observation of a potential association of C. n. var. gattii with insect frass, and of a further environmental isolation of molecular type VGII in Australia. The investigation has prompted the initiation of a survey of insect frass in collaboration with State Forests of New South Wales. The intention is to determine the potential role of insects as passive vectors of viable C. neoformans propagules as well as to assess whether insect frass is a normal or particular habitat for this pathogenic fungus.
